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LPDJLQJ*36WHFKQRORJ\DQGGURQHVWRPRQLWRUDJULFXOWXUDOFXOWXUHV7ZR]RQHVDUHFKRVHQDUHFXOWLYDWHGZLWKUDSHVHHGDQG
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GHYHORSPHQW LQ WKH ULVH RI VHGHQWDU\ KXPDQ FLYLOL]DWLRQZKHUHE\ IDUPLQJ RI GRPHVWLFDWHG VSHFLHV FUHDWHG IRRG
VXUSOXVHV WKDWQXUWXUHG WKHGHYHORSPHQWRIFLYLOL]DWLRQ7KHVWXG\RIDJULFXOWXUH LVNQRZQDVDJULFXOWXUDO VFLHQFH
7KHKLVWRU\RIDJULFXOWXUHGDWHVEDFNWKRXVDQGVRI\HDUVDQGLWVGHYHORSPHQWKDVEHHQGULYHQDQGGHILQHGE\JUHDWO\
GLIIHUHQW FOLPDWHV FXOWXUHV DQG WHFKQRORJLHV ,Q WKH FLYLOL]HG ZRUOG LQGXVWULDO DJULFXOWXUH EDVHG RQ ODUJHVFDOH
PRQRFXOWXUHIDUPLQJKDVEHFRPHWKHGRPLQDQWDJULFXOWXUDOPHWKRGRORJ\
7KXV DJULFXOWXUH LV D YLWDO SDUW RI KXPDQ OLIH DQG LV WKH PDLQ UHVRXUFH IRU WKH IRRG WKDW KXPDQV FRQVXPH
%HFDXVHRIWKLVZHFKRVHWRVWXG\WKHKXUGOHVWKDWIDUPHUVJRWKURXJKHYHU\\HDU>@>@>@7KHVHDUHFDXVHGE\
QDWXUDO SKHQRPHQD VXFK DV VWURQJ ZLQGV KDLO H[FHVVLYH UDLQIDOO WKDW FDXVHV DQ DEXQGDQFH RI KXPLGLW\ DQG
SXGGOHVGURXJKWDQGHYHQVQRZWKDWDSSHDUVEHIRUHWKHSODQWVDUHUHDG\>@>@>@
%HFDXVHRI WKLV LW¶VGHVLUHG WRDQDO\VH WKLVSUREOHPDQGILQG WKHPRVWHIIHFWLYH VROXWLRQ IRUPRQLWRULQJXVLQJ
PRGHUQLQVWUXPHQWVRYHUDQDUHDWKDW¶VDOUHDG\DIIHFWHGE\RQHRIWKHDIRUHPHQWLRQHGSUREOHPV
0DWHULDOVDQG0HWKRGV
:HFKRVHDQDUHDRIUDSHVHHGFXOWXUHZKLFKKDVEHHQDIIHFWHGE\ORZWHPSHUDWXUHVGXULQJWKHZLQWHUDQGFDXVHG
GDPDJH7KH\LHOGRIWKLVSDWFKZLOOEHORZHUWKDQWKHSRWHQWLDOKDGLWQRWKDGVRPHDIIHFWHGDUHDV&ODVVLFPHWKRGV
XVLQJDGYDQFHGWHFKQRORJLHVKDYHEHHQXVHGWRPRQLWRUDJULFXOWXUDOFURSVDQGGHWHUPLQHWKHGHJUHHRIGDPDJHZLWK
DFFXUDF\:HFRPELQHG*3657.WHFKQRORJ\*,6LQVWUXPHQWVVDWHOOLWHLPDJLQJDQGLPDJHVWDNHQZLWKDGURQH
=RQHKDVVXUIDFHDUHDRI[PHWHUVRQZKLFKUDSHVHHGLVFXOWLYDWHGDQG=RQHKDVDVXUIDFHDUHDRI
VTXDUHPHWHUVDOVRKDYLQJUDSHVHHGJURZLQJRQLW:HXWLOL]HG*3657ULPEOH/OWHFKQRORJ\WRPHDVXUHWKH
JULG DQG WR LGHQWLI\ WKHSRLQWVRQ LW$UF0DSZDVXVHG WRSURFHVV WKHGDWD VDWHOOLWH LPDJHV IURP/DQGVDW ±
KDYLQJDUHVROXWLRQRIPHWHUVIRU=RQHDQGIRU=RQHZHDOVRDGGHGVDWHOOLWHLPDJHVIURP6HQWLQHOZLWKD
UHVROXWLRQRIPHWHUV:HDOVRXVHG³/HR:RUNV´IRUWKHSURFHVVLQJRIWKHLPDJHV7KHGURQHXVHGWRVKRRWWKH
YLGHRLV3KDQWRP3URIHVVLRQDO
5HVXOWVDQG'LVFXVVLRQV
7KH LGHQWLILFDWLRQ RI WKH LQWHUHVW ]RQHZDV UHDOL]HGXVLQJ WKH EDVHPDS IURP$UF*,6:H FUHDWHG D JULGZLWK
SRLQWVHYHU\PHWHUVIRU=RQH)LJXUHDQGDJULGZLWKSRLQWVHYHU\PHWHU IRU=RQH)LJXUH:HDOVR
PDSSHGWKH;<FRRUGLQDWHVLQWKHDWWULEXWHWDEOH7KH=FROXPQUHSUHVHQWVWKHGHJUHHRIYHJHWDWLRQLQWKDWSRLQW
)LJXUHWKDWKDYHEHHQFROOHFWHGRQWKHJURXQG

 
)LJXUH=RQH[P)LJXUH=RQH[P
7KH6WHUHRJUDSKLF6\VWHPKDVEHHQXVHGWRSURFHVVWKHJULGVWKHQH[SRUWHGLQ:*66\VWHPIRUXVHZLWK
*36
:HZHQWRQVLWHDQGLGHQWLILHGWKHSRLQWVXVLQJWKH7ULPEOHUHFHSWRU7KXVZHFRXOGWDNHSKRWRVZLWKWKHKHOSRI
D[FPVWDQGDUGIUDPHWRHYDOXDWHWKHQXPEHURIXQDIIHFWHGSODQWV
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)LJXUH=RQH±7KHGHJUHHRIYHJHWDWLRQ
:HXWLOL]HGWKHGURQHIRUYDOLGDWLQJWKHUHVXOWVZHREWDLQHGRQVLWHDVZHOODVWKHRQHVZHJRWIURPWKHVDWHOOLWH
7KHVHFRQGPHWKRGRIPRQLWRULQJLVWKHRQHXVLQJVDWHOOLWHLPDJLQJIURP/DQGVDWDQG6HQWLQHOZLWKUHVROXWLRQVRI
PDQGPUHVSHFWLYHO\:HWKHQXVHG/HR:RUNVWRFODVVLI\WKHSL[HOVDQGFHQWUDOL]HWKHPWRGHWHUPLQHWKH
WRWDO DUHD DIIHFWHG E\ IURVW >@ >@ 7KXV ZH FDQ REVHUYH LQ ILJXUH  WKH UHVXOW REWDLQHG IROORZLQJ WKH ILUVW
XQVXSHUYLVHGFODVVLILFDWLRQZLWKFODVVHVDQGLWHUDWLRQVDIWHUFKDQJLQJWKHFRORXUSDOHWWHWRFRLQFLGHZLWKWKH
RQHXVHGLQWKHILUVWPHWKRGWRPDNHWKHFRPSDULVRQDVSUHFLVHDVSRVVLEOH>@>@)LJXUH

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
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8VLQJWKHILUVWPHWKRGZHREWDLQHGDWRWDODIIHFWHGDUHDRIKDKD]RQHVZLWKRXWYHJHWDWLRQKD
KDSDUWLDOO\DIIHFWHG]RQHVLQWKHFDVHRI=RQHDQGDQDIIHFWHGDUHDRIPP]RQHVZLWKRXWYHJHWDWLRQIRU
=RQH8WLOL]LQJ WKH VHFRQGPHWKRGZHREWDLQHG D VXUIDFH RI KD KD IRU WKH ILUVW ]RQH DQG D VXUIDFH RI
PPIRU=RQH7DEOH7KHUHVXOWVGLIIHURQO\VOLJKWO\ZLWKWKHILUVWPHWKRGEHLQJPRUHSUHFLVH7KH
VHFRQGPHWKRGVXIIHUVIURPWKHORZUHVROXWLRQRQWKHLPDJHV,PDJHVZLWKKLJKHUUHVROXWLRQFDQEHXVHGEXWWKRVH
DUH PRUH H[SHQVLYH DQG GHSHQGLQJ RQ WKH QDWXUH RI WKH VWXG\ WKH\ FDQ JHW YHU\ H[SHQVLYH )RU H[DPSOH WR
GHWHUPLQHWKHGHJUHHDWZKLFKZHHGVDUHJURZLQJLPDJHVZLWKYHU\KLJKUHVROXWLRQDUHUHTXLUHG%HFDXVHRIWKLVZH
ZDQWHGWRGHWHUPLQHWKHPHWKRGZKLFKLVWKHIDVWHVWDQGPRVWFRVWHIILFLHQW7KDWPHWKRGLVWKHRQHXVLQJDGURQHWR
WDNHLPDJHVWKHQSURFHVVLQJWKHPDQGLQWHUSUHWLQJWKHUHVXOWVXVLQJDJULGWKDWLVDOUHDG\FUHDWHGDQGYDOLGDWHG
7DEOH7KHGHJUHHRIYHJHWDWLRQIRUERWK]RQHVXVLQJERWKPHWKRGV
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)LJXUH
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